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1. Introduction {#s0005}
===============

Coronavirus disease 2019 (Covid-19) is not only rapidly spreading but has become a global pandemic that affects many, including developing countries with limited resources ([@bb0130]). In fact, even the currently affected developed countries are overwhelmed in their fight against Covid-19 ([@bb0015]; [@bb0045]; [@bb0115]). It is considered that most developing countries will face more challenges than developed countries in curbing the spread of Covid-19 in their regions, causing them to potentially evolve into the new epicenter of the pandemic, and Indonesia is not exempted ([@bb0050]).

Covid-19 is caused by a type of influenza virus that suppresses the body\'s immune system so that the viruses can grow in the respiratory tissues and organs ([@bb0125]; [@bb0160]). In this situation, individuals who are elderly or with prior comorbidities are more vulnerable to the severe effects of Covid-19 due to inadequate immune systems ([@bb0030]; [@bb0080]; [@bb0090]). Besides that, inadequate healthcare management, such as failure to provide early diagnosis and prompt treatment, would decrease the rate of recovery among Covid-19 patients ([@bb0040]; [@bb0050]).

Indonesia is one of the developing countries with reported Covid-19 cases ([@bb0070]; [@bb0100]). International experts have expressed their doubt to the Indonesian government regarding the capability of the nation\'s healthcare system to control this pandemic since the authority reported the first multiple positive cases of Covid-19 on 2nd March 2020 ([@bb0025]; [@bb0150]). Moreover, Indonesia has one of the highest proportions of death related to Covid-19 cases among countries in the world, with the epicenter of the disease being its capital, Jakarta ([@bb0100]).

The confirmed positive cases of Covid-19 in Indonesia are divided into three levels of severity: 1) high, 2) moderate, and 3) low ([@bb0060]). Patients whose conditions are of high or moderate severity are given intensive medical care in healthcare facilities. Meanwhile, low-severity cases of Covid-19 are managed the same way as the rest of the general population, meaning they should stay home and practice social isolation and physical distancing ([@bb0060]). At the same time, the government has strongly promoted the Clean and Healthy Living Behavior (PHBS) and People\'s Healthy Lifestyle Movement (Germas) programs to encourage the people to include routine outdoor/indoor exercise to decrease the spread of Covid-19 ([@bb0065]).

The World Health Organization (WHO) reported that there is still no evidence that sunlight can terminate Covid-19 ([@bb0155]). Moreover, too much of sunlight may cause harm through its ultraviolet, infrared, etc. ([@bb0075]). However, sunlight contributes to the healing of multiple health condition including respiratory diseases such as influenza and severe acute respiratory syndrome (SARS) ([@bb0035]; [@bb0085]). Weather factors have shown persistent correlation to the emergence and re-emergence of infectious diseases, including Covid-19 ([@bb0145]). Thus, evidence for the effect of sunlight on Covid-19 is needed as the correlation between the two is still rarely assessed.

2. Methods {#s0010}
==========

2.1. Study area {#s0015}
---------------

Jakarta is the capital city and business center of Indonesia. It is geographically located within the range of 5^°^19′12″ south latitude to 6^°^23′54″ south latitude and 106^°^22′42″ east longitude to 106^°^58′18″ east longitude, with an average altitude of ±7 m above the sea surface. Jakarta, which has tropical climates, has two seasons: rainy season that happens annually from October to March and dry season that takes place from April to September annually.

There are 132 referral hospitals available to treat Covid-19 patients of high and moderate severity in Indonesia. Eight of these, plus an emergency hospital, are in Jakarta. They are Dr. Sulianti Saroso Central General Hospital of Infectious Disease, Persahabatan Central General Hospital of Pulmonary, Gatot Subroto Army Central Hospital, Fatmawati Central General Hospital, Tarakan Regional General Hospital, Pasar Rebo Regional General Hospital, Bhayangkara Said Soekanto Police Central Hospital, Mintoharjo Navy Central Hospital, and National Emergency Hospital of Kemayoran. These health facilities were built according to the National Hospital Accreditation Commission (KARS), including the availability of daylight exposure in each treatment unit ([@bb0095]) .

2.2. Data collection {#s0020}
--------------------

The set of relevant data, ranging from 2nd March to 10th April 2020, was obtained from the Indonesian government authorities. The daily confirmed cases of Covid-19 incidence, death, and recovery were derived from the Jakarta local government. This data was also made available by the Indonesian Ministry of Health as well as the Indonesian National Task Force Team for Covid-19. Meanwhile, the dataset of daily sunlight in Jakarta was obtained from the Meteorological, Climatological, and Geophysical Agency of Indonesia.

2.3. Data analysis {#s0025}
------------------

Spearman\'s correlation was performed to analyze the coefficient correlation value and determine whether significance existed. This statistical analysis was used to determine correlation between the existing variables. These variables were number of Covid-19 positive cases, deaths, and patients who recovered, and sunlight exposure.

3. Results {#s0030}
==========

According to [Fig. 1](#f0005){ref-type="fig"}(a), the incidence of Covid-19 in Jakarta had been increasing. Since the first multiple cases of Covid-19 were reported on 3rd March 2020, Jakarta had seen an average of 45.25 new confirmed Covid-19 cases daily. The daily average number of recovered patients was 1.50, which was lower than the daily average deaths at 3.80 cases. Therefore, the death proportion of Covid-19 cases in Jakarta was 8.4% higher than the recovered proportion at 3.3%.Fig. 1(a) Covid-19 status, (b) sunlight exposure duration (minutes).Fig. 1

[Fig. 1](#f0005){ref-type="fig"}(b) shows that the duration of sunlight exposure for Covid-19 patients in Jakarta fluctuated daily. The shortest duration of daily sunlight exposure was 0 min, while the longest duration was 480 min in Jakarta. The average duration of daily sunlight exposure was 217.95 min or 3.6 h.

[Table 1](#t0005){ref-type="table"} shows that sunlight exposure did not correlate significantly with both incidence and death cases of Covid-19 patients. Sunlight correlated significantly with cases of recovery from Covid-19.Table 1Spearman\'s correlation coefficient between Covid-19 and sunlight exposure.Table 1Confirmed Covid-19 statusSpearmen\'s correlation coefficientIncidence0.306Death0.284Recovery0.350[⁎](#tf0005){ref-type="table-fn"}[^1]

4. Discussion {#s0035}
=============

In this study, we found that higher duration of sunlight exposure was related to more cases of recovery from Covid-19 among patients. This correlation is in line with previous evidence that sunlight does not terminate the Covid-19 virus so it cannot prevent the infection. Conversely, sunlight can maintain the health condition of Covid-19 patients so they have opportunity to recover from the disease. Sunlight boosts the immune system, which slows down the development of influenza and SARS agents in the human body ([@bb0020]; [@bb0085]). In this case, Covid-19 patients who experienced sunlight exposure when they were receiving care either in hospitals or home settings were more likely to recover from the disease.

Sunlight triggers vitamin D production, which functions to increase the immune system ([@bb0135]). Poor sunlight exposure activates influenza ([@bb0120]). Previous studies have shown that sunlight exposure significantly contributed to the healing of most respiratory conditions including tuberculosis and lung disease ([@bb0005]; [@bb0010]).

Being in a region with a tropical climate, Jakarta can take advantage of the presence of abundant sunlight in every season. The health benefits of exposure to sunlight have been established ([@bb0130]). Access to much-needed sunlight can enhance mood as well as release endorphins that will increase immunity against diseases such as Covid-19 ([@bb0140]).

As it sits on the equator, the Indonesian territory, including Jakarta, is known as a tropical region that experiences two seasons: dry and rainy. However, even with its rainfall during the rainy season, Jakarta is still quite dry. The average duration of maximum sunlight is 3 to 3.5 h per day in Jakarta, which amounts to 4.8 kW-hour per square meter per day (kWh/m^2^/day), or 10 times the potential of European sunlight ([@bb0055]).

Most countries around the world, including Indonesia, are welcoming the dry or summer season, which takes place from April to September and can be potentially leveraged by each country to fight Covid-19. This potential approach can be accompanied by the formal treatment/therapy according to Covid-19 clinical guidelines ([@bb0105]). WHO has only underlined the benefit of sunlight for clothes management ([@bb0110]), so this finding will assist medical care particularly in low-resource health settings or places with inadequate Covid-19-mitigating response, including Jakarta ([@bb0050]; [@bb0080]).

Despite this study\'s significant finding about the relationship between sunlight and Covid-19 recovery, this research has limitations. The Covid-19 recovery factors could be affected by several others variables such as prompt treatment/therapy, PHBS and Germas, and physical capabilities. It is also essential to explore the type and characteristics of sunlight exposure in detail. Additionally, the available data provided by the authorities did not record the exposure of every Covid-19 patient to sunlight.

5. Conclusion {#s0040}
=============

This study shows that sunlight exposure correlated significantly with recovery from Covid-19 among patients in Jakarta of Indonesia. However, sunlight exposure did not correlate significantly with the occurrence of and death from Covid-19. This preliminary study needs to be developed further as sunlight presents genuine potential in accelerating recovery from Covid-19 not only in Jakarta but also other countries, especially those with high death rates due to this pandemic.
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[^1]: Correlation is significant at the 0.05 level (2-tailed).
